The present study investigated the quantitative effect of dietary fats and inges tion of alcohol on serum and liver lipids, fatty acid bound to phospholipids and their class distribution of male Wistar rats. The rats in C (control) and A (alcohol) groups were fed a standard laboratory diet, HFC (high fat-control) and HFA (high fat-alcohol) groups were fed a high fat diet (standard diet supplemented with 20g%w/w, sunflower oil: lard mixture 1: 1) for 6wk. Alcohol-treated rats consumed alcohol at the rate of 9g/kgbw/d (15-20% energy). Liver phospholipid (PL) content was decreased, and phospholipid/cholesterol liver molar ratio increased in the alcohol treated rats. The proportion of serum sphingophospho lipid (Sph) was significantly lower and proportion of phosphatidylcholin (PC) significantly higher in serum PL in alcohol-treated rats. Phospholipid class distribution was unaffected by alcohol feeding in liver. Significantly lower levels of 16:1n-7 and higher levels of 20:5n-3 and 22:4n-6 in the serum PL were observed in the alcohol-treated rats. The groups on the HF diet increased levels of 20:4n-6, 22:4n-6 and total n-6, polyunsaturated fatty acid (PUFA)and decreased levels of 18:1n-9 and total monounsaturated fatty acids (MUFA)in both liver and serum PL, but n-3 fatty acid increased in serum PL and decreased in liver PL compared to groups on the standard diet. Alcohol fat interaction was evident in MUFA and PUFA/SFA in serum PL and n-6, MUFA, PUPA and polyunsaturated/saturated fatty acid ratios (PUFA/SFA) in liver PL. This study showed that the high fat intake in alcohol-treated rats increased levels of 20:4n-6, 22:4n-6 and 20:4/18:2 ratio, and decreased level of 18:1n -9 in liver and serum phospholipids.
It is well known that lipid composition of most tissues is critically dependent upon that of the diet. The amount of dietary fat is important in pathogenesis of alcoholic liver disease (1, 2) . Diets with high levels of fat greatly enhance liver steatosis as well as liver mem brane damage and fibrosis (3, 4) .
The phospholipid class and its fatty acid composition and cholesterol content in biomembranes are basic determinants of the physical properties of membranes, and alterations in these lipid species are of special inter est, as functional and pathological consequences may be correlated (5) . Many functional disturbances in alco holism may be related to changes in phospholipid com position of cellular membranes (3, 6) . It is believed that animals can compensate the increased fluidity of their membranes by altering the incorporation of polyunsat urated fatty acids as a mechanism of adaptation to alco hol (7, 8) . Most researchers have suggested that chronic alcohol exposure is accompanied by a decrease in the percentage of arachidonic acid, together with an increased percentage of saturated and monounsat urated fatty acids, in the different plasma lipid fractions, blood and parenchymal cells in both human (9, 10) and animal models (11, 12) .
The objective of the present study was to compare the effects of the different quantities of fat and ingestion of alcohol over a 6wk period, on the serum and liver lip ids, phospholipid class distribution and fatty acid com position of rats.
MATERIALS AND METHODS
Animals and diets. Male Wistar rats (VMA, Belgrade) two months old, with initial weight of approx. 200g were used in this study. The rats were divided into four groups with 9 animals in each, according to diet: con trol-standard (C), alcohol-standard (A), high fat-control (HFC) and high fat-alcohol (HFA) groups. C and A groups were fed a standard normoprotein pelted cereal based on a nutritionally and energetically adequate lab oratory diet (Veterinary Institute, Subotica) containing by weight (w/w) 17 Lipid analysis. Concentration of total phospholipids (PL) in the serum and liver was determined by the method of Zilversmit and Davis (13) . Serum and liver cholesterol were analysed by the modified Liebermann -Burchard method (14) and triglyceride levels were determinate with colorimetric methods by Fletcher (15) . Serum lipids were extracted by the method of Alling (16 The proportion of serum Sph was significantly lower The relative fatty acid compositions of serum and liver phospholipids are shown in Table 6 and 7. Unsat urated fatty acids (UFA) were increased (p<0.025) with the high fat diet in serum phospholipids and decreased (p<0.01) in total liver phospholipids, whereas the satu rated fatty acid (SFA) levels remained unaffected in serum phospholipids and increased (p<0.01) in liver phospholipids. No difference was found in the linoleic acid (18:2n-6) in serum and liver phospholipids, but major metabolite arachidonic acid (20:4n-6) as well as docosatetraenoic acid (22:4n-6) was increased with the high fat diet in both serum and liver phospholipids. Total n-6 fatty acid content was elevated (p<0.01) in serum and liver (p<0.001) phospholipids by the high fat diet. The amounts of total n-3 fatty acids and espe cially docosahexaenoic (22:6n-3) acid, the main fatty acid of the n-3 family, increased (p<0.025) with the high fat diet in serum phospholipids. By contrast n-3 fatty acids were significantly lowered (p<0.001) in liver phospholipids, particularly eicosapentaenoic acid (20: 5n-3), docosapentaenoic acid (22:5n-3) and docosa hexaenoic acid (22:6) . Total PUFA (n-6+n-3) were ele vated with high-fat diet in serum (p<0.001) and liver (p<0.001) phospholipids. The high fat diet decreased oleic acid (18:1n-9) in serum and liver phospholipids. High fat diet also increased palmito-oleic acid (16:1n-7) in serum but decreased it in liver phospholipids. Total monounsaturated fatty acids (MUFA) were decreased in both serum (p<0.05) and liver phospholipids (p<0.001). (20) . Some observa tion suggests that alcohol consumption influenced food consumption and weight gain in animals (22) . The dietary condition in the present study observed that combination of 25% sucrose with 32% alcohol (weight per volume) in the drinking water did not cause a change of weight gain, when animals consumed diet ad libitum. No differences were found in growth rate per day between the groups. Relative liver weights decreased with the high fat diet in our study. Decreased liver weight with increasing levels of dietary fats Boazer et al. (23) due to less liver glycogen and water storage with a higher fat lower carbohydrate diet was observed.
The change in fluidity of membrane from ethanol treated animals has been attributed to a change in lipid composition of the membrane (6, 24) . The importance of phospholipids for structure and integrity of cellular membranes suggests that many functional distur bances in alcoholism may be related to changes in phospholipid content and composition (3). Some stud ies showed that chronic alcohol intake resulted in the change of phospholipid content (11, 25) but several studies have reported minor changes in phospholipid distribution (6, 26, 27) . Resolution of the mechanisms underlying this change is complicated by changes of amount and duration of alcohol abuse. The major find ing in the present study is the significant decrease in phospholipid content in liver with a tendency of lower ing serum phospholipids levels in alcohol-treated rats when compared with sucrose-fed controls. The decrease of the total phospholipid levels in the liver after alcohol treatment in our study was independent of the amount of dietary fat but such treatment did not cause changes in the percentage of liver phospholipid class distribu tion. The present results indicate changes in serum phospholipid class distribution: a decrease in Sph and an increase in PC phospholipid fraction after 6wk of alcohol consumption.
The fat intake has been studied as a modulator of liver disease in animal models of alcoholism. Previous studies (1, 28) have shown that hepatic lipid accumula tion after alcohol ingestion in experimental animals is dependent on the dietary fat content. In the contrast to previous studies, Simpson et al. (29) found that hepatic triglyceride accumulation occurs in alcohol-treated rats even when consumed with low fat diet (4.4en%). Our results show that a standard fat diet (10en%) and a high-fat (46en%) with alcohol did not affect the liver triglycerde content. These results are in agreement with the findings of Okita et al. (30) who reported that alco hol-treated rats did not show a significant difference in the accumulation of liver triglicerides as compared to control groups. In many previous reports, chronic alco hol administration raised total serum cholesterol (31, 32) , our study presents that a high fat diet increased the serum and liver cholesterol levels and that alcohol decreases serum cholesterol with no effect on the cho lesterol content in the liver. Goheen et al. (33) observed a reduction in the liver content of triglycerides in alco hol-treated rats induced by dietary arachidonic acid. Under the present experimental conditions it is reason able to considered that a decrease of 20:4n-6 may induce the pathologic change in the liver associated with alcoholism. In our study, arachidonic acid increased by high-fat diet but 20:4n-6 remained unchanged in alcohol-treated rats and liver triglyceride content unaffected according to fat and alcohol intake.
Yamanda and Lieber (34) reported significant decrease in cholesterol and CH/PL molar ratio in liver plasma membranes while observing no change in the phospholipid content in liver plasma membranes after chronic alcohol administration with high fat content (35%) in the diet. Lee and Hosein (27) observed no sta tistical difference in the total cholesterol, phospholipid and CH/PL molar ratio of liver plasma membranes with a low fat diet (5%). Several studies (8, 34) in animal models for alcoholism examining the effects of chronic ethanol consumption have found that decreased levels of membrane cholesterol will lead to an increase in the fl uidity of liver plasma membranes. In our study the CH/PL liver molar ratio was significantly higher in the liver of alcohol-treated rats with a different amount of dietary fat, because total phospholipid content de creased with no difference in cholesterol content in the liver according to alcohol intake. In contrast to previous studies, Gutierez-Ruin et al. (35) showed that alcohol intake increased fluidity with an increase in the CH/PL liver molar ratio of plasma membranes. They found a decrease in phospholid content after acute alcohol intake and increased cholesterol content in acute and chronic treatments in the liver plasma membrane. The high fat diet in our study increased liver cholesterol content, consequently increasing CH/PL liver molar ratio with no difference in phospholipid content accord ing to different amounts of dietary fat.
It was expected that the percentage of fatty acids found in the rat liver phospholipids on HF-diet would be similar to those found in control animals on standard diets, since the P:S ratio (1.3) of the two diets was sim ilar. To the contrary, in our experiment the levels of fatty acids found in liver total phospholipids in HFC-group were significantly different from the fatty acid profile in the control group. The HF diet increased PUFA and decreased MUFA in both liver and serum PL, but n-3 fatty acid increased in serum PL and decreased in liver PL compared to groups on the standard diet. Mlekush et al. (36) observed that the level of dietary fat seemed to influence the phospholipid and fatty acid profile of liver to a greater extent than the fatty acid content of the diet. The difference between the standard diet and the high-fat diet in our study was primarily in the amount of fat (3.7% and 23.7%w/w) and not in the fatty acid composition (see Table 1 ).
Alcohol is known to alter the levels of tissue and serum fatty acid (for review see 37) . Previous analysis of the PUFA content of the liver and blood from animals fed alcohol chronically have produced widely conflict ing results but most studies with a alcoholic liver dis ease model showed that chronic alcohol exposure is capable of altering the fatty acid composition in liver phospholipids. Such a wide variation in the results may be attributeed to differences in the type, duration and dose of alcohol, on the techniques and animal species used, diet, the lipid composition, tissues, and subcelular fraction analysed. The most consistent findings have been increases in oleic and linoleic acid and decreases in arachidonic acids together with decreases in other PUFA of n-6 and n-3 series (12, 37, 38) . In our study, the percentages of linoleic acids were unaffected by either alcohol or a high fat diet, probably indicating an adequate intake and absorption of linoleate. Linoleic acid represented 2.2% and 10.8% on dietary energetic intake of the groups on the standard diet and the high fat diet, respectively, and was considerably above the minimum requirement of 1.3% for rats (39) . Our study also showed that the high fat intake in alcohol-treated rats increased 20:4n-6, 22:4n-6 and 20:4/18:2 ratio, and decreased 18:1n-9 in liver and serum phospholip ids. Our results point that the fatty acid synthesis rates are dependent on the fat content of the diet.
The liver is one of the primary target organs for the metabolism of ingested alcohol, and the consequences of the metabolic response are often reflected in the serum components. Serum phospholipids are primarily formed and secreted by the liver. The lower PUPA in serum phospholipid in alcohol-treated rats (34% and 39%) as compared to that in the liver (50% and 50%) noted in the present study reflects a selective transfer and difference in phospholipid transport and metabo lism into serum in alcohol-treated rats. The primary conclusion from the present study is that chronic alco hol intake decreased the liver phospholipid content. The data indicated that the alternations of the fatty acid composition in total liver and serum phospholipids in alcohol-treated rats (15-20% of total daily energy intake) did not show a tendency of polyunsaturated deficiency.
